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My PhD research focused on the mechanism and socio-sexual functions of sexual swelling in wild 
female bonobos. Bonobo sexual swelling is prolonged compared that of the chimpanzee. Though 
bonobos sometimes have very long periods of maximal swelling that continue for over one month, the 
difference in the average length of maximal swelling phase between the two species was only 2.3 days. 
It is therefore questionable whether prolonged swelling periods have much of a concealing effect on 
ovulation. It is also likely that the lower predictability of ovulation from the onset of the maximal 
swelling phase might be due to inter-intra individual variations in the length of maximal swelling phase 
depending upon each individual’s reproductive history as discussed in Chapter 2.  
The physiology of maximal swelling in bonobos was not very different from chimpanzees and other 
Old World monkeys. Although the exact criterion of E1C concentration cannot be determined in 
Chapter 2, I confirmed that a rise in urinary E1C coincided with the onset of the maximal swelling 
phase. I also confirmed that a constant increase of PdG, probably from the corpus luteum, above the 
baseline after ovulation coincided with detumescence of the maximal swelling. Lactation and early loss 
of pregnancy probably influence the considerable variation in length of the maximal swelling phase 
within an individual and between individuals. As reported in Chapter 2, female bonobos resume 
maximal swelling cycles on an average of 240.5 days after parturition, although females normally do 
not get pregnant until after 3 years. This early resumption of sexual swelling seems to be a unique 
feature of female bonobo sexual swellings and might perform some regulative function in male-mating 
competition by allowing more mating opportunities to males. 
Lower predictability of ovulation from the onset of maximal swelling might not be a big challenge 
for males, in that males may have simple rules for allocating their mating efforts towards certain 
females, as concluded in Chapter 3. They might decide to follow the female with an older infant, if the 
female has developed maximal swelling, and increase or maintain mating efforts on the next day if the 
maximal swelling is continued. It is also possible that males have the ability to discriminate ovulation 
more precisely using the subtle changes in color or size of swelling as well as other behavioral or 
olfactory cues. To test this possibility, we need to take more precise measurements of sexual swelling 
using digital photography. 
The sexual swelling of female bonobos could also play an important role in female-female bonding, 
as addressed in Chapter 4. Females with maximal swelling increase attractiveness to both males and 
females and this might allow those females to get some benefit from group living. Though I do not 
propose the evolutionary mechanism in this study, it is possible that signals from sexual swellings 
influence other females’ attitude to the females with maximal swelling. Given that the sexual swelling 
is a very important body part and the cost of signaling using that vulnerable body part is high, the 
sexual swelling can serve as an honest signal to evaluate another’s motivation or the relationship 
between two individuals. 
Lastly, although the early resumption of sexual swelling might have a regulative role in male 
mating competition to some extent, this study showed that male mating competition prevails in 
bonobos and male rank is an important factor in reproductive success, as found in chimpanzees. As 
shown in Chapter 3, male bonobos allocate their mating efforts based on variations in the sexual 
swelling of females. If male bonobos can precisely extrapolate ovulation probability, as males can in 
the other species that exhibit sexual swelling, it would be difficult to maintain the argument that milde r 
male–male competition for reproduction in bonobos is explained by a poor predictability of ovulation. 
The high social status (or balanced power holding) of female bonobos can influence male mating 
competition, as the high social status of females might allow female choice to exert influence on males’ 
reproductive success. If that is the case, then less restriction on copulation opportunities for lower 
ranking males may also be due to female choice. Therefore, in future research, it will be important to 
investigate how female bonobos can achieve high social status in their society, as well as the socio-
regulative role of prolonged receptivity of female bonobos. This will allow us to evaluate whether the 
hyper-sexuality of bonobos results in peaceful bonobo society, or whether hyper-sexuality itself is a 
result of more balanced power holding between sexes. 
（続紙２） 
（論文審査の結果の要旨） 






































的価値をもつ。論文としての完成度も高く、第 4 章は Behaviour 誌に発表され、第 2 章
と第 3 章も近く投稿を予定している。よって、本論文は博士（理学）の学位論文として
価値あるものと認める。また、2017 年 1 月 27 日、論文内容とそれに関連した事項につ
いて試問を行い、そこで試問委員から出された意見にもとづく修正を 2017 年 2 月 24 日
に確認し、合格と認めた。 
要旨公表可能日：2017年 5月 23日以降 
